Stroke is one of the leading causes of morbidity and mortality worldwide, and since the approval of intravenous thrombolysis (IVT) with recombinant tissue plasminogen activator (rtPA, alteplase) in 1996 1 as a treatment option, acute stroke management has experienced a paradigm shift. Focus has moved to prompt and accurate diagnosis followed by time-sensitive administration of a therapy that effectively and safely restores blood flow to the affected vascular territory.
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Unfortunately, not all patients improve with IVT, and roughly 50% of treated patients will experience a favorable outcome (independence in activities of daily life and modified Rankin Scale score 0-2) 2 . Mechanical thrombectomy as an adjunct treatment has emerged as a rescue therapy for patients with proximal occlusion of major intracerebral arteries, but it is still not readily available in most countries. Hence, our objective was to identify simple and largely available clinical and radiographic factors on arrival, which might aid in predicting the subset of patients who would experience an unfavorable response to IVT.
METHODS

Study population
Our study used an acute ischemic stroke databank from a Brazilian academic tertiary hospital, with prospective recruitment of 452 patients, admitted from January 2006 to October 2013. Entry criteria consisted of any patient treated solely with IVT. During this time frame, mechanical thrombectomy has not yet been fully studied and modern stent-retriever devices were not widely available in our institution. Upon first review, 103 patients who underwent chemical thrombolysis and/or mechanical thrombectomy were identified and, of those, 84 patients received only IVT and were selected for the study. Two patients who had posterior circulation strokes were excluded, as one of our variables of interest, the Alberta Stroke Program Early CT Score (ASPECTS), only applies to anterior circulation ischemic strokes.
Variables of interest
The following variables were selected for initial analysis: initial brain computed tomography (CT) findings, age, gender, severity of stroke upon arrival based on the National Institute of Health Stroke Scale (NIHSS) and functional outcomes at 90 days using the Modified Rankin Scale (mRs). We applied a previously-translated and validated NIHSS scale in Brazilian Portuguese 3 .
Radiographic assessments
Brain CT analyses consisted of searching for the presence of a hyperdense middle cerebral artery sign 4 (HAS) and early parenchymal changes according to the ASPECTS 5 . Two stroke neurologists reviewed all scans independently, with 100% concordance.
Clinical evaluation
Certified stroke neurologists examined and recorded the NIHSS of all acute stroke patients as well as demographic and clinical variables. All outcomes were assessed at three months via telephone interview conducted by two stroke neurologists blinded to the remaining data. Unfavorable outcome was defined as mRS > 2.
Statistical analysis
The association between the chosen variables and predefined outcome (mRs > 2 at three months) was tested using the Pearson's Chi-Square and Fisher's exact test for categorical variables, t test for normally-distributed continuous variables and the Mann-Whitney U test for non-parametric continuous variables, as well as univariate logistic regression analysis. Continuous ordinal variables were categorized as follows: NIHSS scores were dichotomized as greater than eight and greater than 12, based on previously-published data that correlated NIHSS > 8 with unfavorable outcome 6 and NIHSS > 12 with major branch occlusion 7 ; ASPECTS score was subdivided into values ≤ 7 or ≥ 8, since initial studies correlated cutoff values of ≤ 7 for early parenchymal changes with unfavorable outcome after IVT 8 . Age was also dichotomized in greater or less than 70 years, as a receiver operating characteristics curve developed with our data identified the age of 73 years as the cutoff point of greater accuracy for unfavorable outcome prediction (using Youden´s index calculation). Moreover, previously-published data suggests that ages > 70 might affect outcome after IVT 9 .
Multivariable logistic regression models were constructed to calculate adjusted odds ratios and risk ratios, as well as 95% confidence intervals for the predictive effect of the multiple variables of the outcome. Candidate variables for the final multivariable model were tested in univariate logistic regression and step-forwarding models, and only variables with a p value < 0.05 in univariate analysis were entered into the final model. All variables were independent, and no collinearity was detected. In the end, the Hosmer-Lemeshow test was performed to assess goodness-of-fit of the final model. Statistical analyses were conducted using SAS statistical software version 6.11 (SAS Institute, Inc., Cary, North Carolina). Statistical significance was set at p < 0.05 for the final logistic regression model.
RESULTS
Four hundred and fifty-two patients were initially screened, but only 82 cases fulfilled the criteria for the final analysis. Mean age was 76 (16-97) years and 47 (54%) were female. Median NIHSS was 9 (3-22); 33 (40.2%) presented with HAS; 49 (62%) had identifiable early parenchymal changes (based on ASPECTS); and 45 (61.6%) experienced a favorable outcome (mRs ≤ 2 in 90 days). Door-to-needle median time was 43 minutes within the selected cases, as well as a symptoms-to-needle median time of 100 minutes and an incidence of symptomatic intracerebral hemorrhage after chemical thrombolysis of 1%. Table 1 shows information on demographics at baseline and outcomes of the studied population.
After selection and testing of candidate variables with association metrics and univariate logistic regression, the only variables remaining with significant statistical correlation to the outcome were age > 70, NIHSS > 12 and presence of HAS ( Table 2 ). All of the three variables remained statistically significant even after adjustment for competing effects in the final multivariate logistic regression model. Finally, a combination chart of predictive probabilities of unfavorable outcome based on the presence of risk factors on admission was created using logit analysis of the final model (Table 3) .
DISCUSSION
Intravenous thrombolysis is the standard therapy for acute ischemic stroke, as several studies have previously shown its safety and efficacy, even among elderly patients and in extended windows of treatment 1 . However, a significant subset of stroke patients may not experience the expected benefit, as only half of the patients achieve recanalization with IVT 10 . Also, roughly 50% of treated patients will experience a favorable outcome (independence in activities of daily life and mRS score 0-2) 2 . More recently, studies using mechanical thrombectomy as an adjunct treatment to IVT have reported impressive recanalization rates, leading to a much higher incidence of favorable outcomes when compared to therapy solely based on IVT 11 . Mechanical thrombectomy has emerged as an essential tool in comprehensive stroke centers, and might reflect the future of acute stroke therapy, but it is still not readily available in most countries 12 .
The current study showed that patients with a combination of age greater than 70, NIHSS greater than 12 and presence of HAS had a 96.5% chance of unfavorable prognosis. Hence, stroke neurologists might have an additional tool to screen for patients who might benefit from sequential therapies after alteplase, with no additional costs or delay of treatment, since in acute ischemic stroke, therapy response is extremely time dependent.
The association of prognostic markers with outcome has previously been studied in patients with acute ischemic stroke treated with IVT. The DRAGON score consists of tomographic findings, initial NIHSS, time to treatment, age, admission glucose and prior functional status 2 . The score has a reported accuracy of 86%, with significant external validity. Despite its wide applicability, 44% of patients included in its original report had scores between five and six, a range with intermediate values of sensitivity and specificity.
The SVM score was developed in Europe using simple parameters, such as age, independence before stroke, normal Glasgow coma verbal score, ability to lift arms and to walk 13 . The SVM was similar in accuracy to the DRAGON score, but only for predicting a miserable outcome after IVT (mRs score 5-6 in three months).
More recently, the TURN score was developed, based solely on premorbid status (using mRs) and NIHSS on arrival, applying the orthogonal function TURN = -4.65 + (mRS * 0.27) + (NIHSS *0.10)
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. Subsequent studies have suggested that it might better predict 90-day outcomes when compared to DRAGON, as well as the occurrence of symptomatic intracerebral hemorrhage after IVT relative to some previously-published scores 15 . A major disadvantage is the cumbersome calculation involved and the initial design solely to predict symptomatic intracerebral hemorrhage after IVT.
The current study presents important limitations. First, without external validation, we cannot assure that the current data is applicable to other populations. Also, as the study entry criteria were strict, our cohort was not large enough to provide small confidence intervals. As a result, large confidence intervals were obtained due to lack of high statistical power, which limits the interpretation of the final regression model. Finally, our study has no data on long-term follow-up of the studied patients, which might create uncertainty about patients with delayed recoveries. In spite of that, one of the most striking strengths of our study is the fact that this is the first one on the prediction of outcomes after IVT using a South American population. Also, it is the first to provide calculated probabilities of outcome depending on multiple combinations of risk factors ( Table 2) . The aim of this study was to identify patients who might not fully benefit from chemical thrombolysis alone, helping to select those who might need adjunct therapy. It might aid the practitioner as an early outcome predictor, but it could also serve as a hypothesis generator for future studies on chemical thrombolysis, as well as a possible screening tool for studies assessing mechanical thrombectomy as an adjunct to IVT. We strenuously oppose the use of this data to avoid offering intravenous alteplase to patients who might have unfavorable outcomes based on our findings. Intravenous thrombolysis is the gold standard therapy for acute ischemic stroke, and should be offered without exceptions to all eligible patients.
In conclusion, in the current study, the initial neurological exam with an NIHSS greater than 12, the presence of HAS and age greater than 70 years were reliable predictors of unfavorable outcome at three months in patients with acute ischemic stroke treated with chemical thrombolysis, even after correction in a multivariate logistic regression model. It might aid the practitioner as an early predictor of outcome. Moreover, it could serve as an hypothesis generator for future studies on chemical thrombolysis, as well as a possible screening tool for studies assessing mechanical thrombectomy as an adjunct therapy to IVT.
